Socioeconomic status (SES) has been shown to be associated with cardiovascular disease mortality and morbidity among adults in a large number of studies in many industrialized countries. 1-11 These associations have been mostly explained by differences in conventional risk factor levels between the social classes. 3, [5] [6] [7] [8] [9] [10] [11] [12] It has also been established that childhood sociodemographic factors predict later morbidity in coronary heart disease (CHD). [13] [14] [15] [16] [17] [18] [19] The increase in the future risk of CHD in lower SES groups can partly be explained by the differences in the levels of conventional risk factors in childhood and in young adolescence that are related to parental SES. [20] [21] [22] [23] [24] Earlier studies in young adults have similarly indicated that lower SES is related to a poor CHD risk profile. [25] [26] [27] [28] [29] [30] [31] [32] Thus, the differences in many preventable risk factors between the social classes seem to arise early. The study of young adults provides the opportunity to compare the effects of parental SES and that of the subject's on CHD risk factors. This information might be helpful in identifying the target groups for preventive programmes. In this report we analysed the association of education with conventional cardiovascular risk factors in young adults aged 21-30 years as part of the Cardiovascular Risk in Young Finns Study. We were interested in whether participants' own educational level and parental years of schooling related to biological and lifestyle risk factors in young adulthood, and which of these has a stronger association with the risk factor profile. Background Low educational level is associated with an increased risk of coronary heart disease. The aim of the present study was to examine the relationships between education and common cardiovascular risk factors in young adults.
Materials and Methods

Subjects
The Cardiovascular Risk in Young Finns is a large multi-centre follow-up study of CHD risk factors in Finnish children, adolescents and young adults. The initial sample of 3596 children and adolescents aged 3, 6, 9, 12, 15 and 18 years (83.2% of those invited) participated in the first cross-sectional study in 1980. Follow-up studies have been conducted in 1983, 1986, 1986, 1989 and 1992 . The study protocol has been approved by ethics committees in each of the five participating centres (universities of Helsinki, Kuopio, Oulu, Tampere and Turku, Finland). The details of the study design and data collection have been presented previously. 33 For this analysis, we included the four oldest age cohorts in the last cross-sectional survey in 1992. In that study year, the subjects from the Helsinki, Kuopio and Turku urban areas participated in blood sampling, and the cohort in Turku area was included for physical examination. Initial sampling size was restricted for economic reasons. The self-administered questionnaires were delivered in every study centre. The total number of 536 young adults aged 21, 24, 27 and 30 years attended blood sampling in 1992. Complete data on serum lipids, basic education of the subject and parental school years were available on 443 subjects (44.7% males) who were regarded as the entire study cohort. Pregnant subjects were excluded. The data on physical examination including blood pressure and anthropometric measurements were available on 166 participants (37.5% of the study cohort). This sub-cohort with data on physical examination was compared with the entire study cohort with regard to relevant sociodemographic and other cardiovascular risk factors.
Education and other sociodemographic variables
Subject's own education was classified into three groups on the basis of self-administered questionnaires: I less than high school (subjects reporting comprehensive school or trade school as their basic education, but not passed senior high school); II high school but not academic (subjects passed senior high school but had not attained university education); and III academic (subjects passed senior high school and studied at or graduated from university).
Data on parental school years were obtained from the questionnaires, and information on the parent with more school years was used in the analyses. Parental school years were classified into three groups: I Ͻ9 years, II 9-12 years and III Ͼ12 years. The data on recent unemployment and marital status were gathered by using a questionnaire. The participants who had been unemployed more than 6 months since 1986 were regarded as unemployed. The subjects were classified as 'married' if they were married or if they reported to live together with their companions.
Serum lipids and physical examination
Serum blood samples were taken after fasting for 12 hours. The details of the lipid determinations have been described previously. 34 Physical examination included measurements of weight, height, systolic (SBP) and diastolic blood pressure (DBP), skinfold thicknesses, and waist and hip circumference. Weight was measured with a Seca (Vogel & Halke, Hamburg, Germany) weighing scale, and height was measured with a Seca anthropometer. Body mass index (BMI) was calculated as weight(kg)/height(m) 2 . Blood pressure was measured with a random zero sphygmomanometer. Readings to the nearest even number of millimetres of mercury were performed three times on each subject. Korotkoff's fifth phase was used as the sign of diastolic pressure. 35 Subscapular skinfolds were measured in triplicate with a Harpenden skinfold caliper (British Indicators Ltd, Luton, England). Measurements of waist and hip circumferences were done in duplicate with an accuracy of one millimetre. Waist circumference was measured at the level of the twelfth rib (level with the navel in thin subjects). Hip circumference was the biggest horizontal measure performed at the thickest level of the buttocks.
Lifestyle risk factors
Data on lifestyle variables were obtained from questionnaires. The type of fat used in daily food preparing was used as dietary variable. Those consuming butter or butter-based mixtures in diet were considered as butter users; the others reported using margarine or vegetable oil or no fat at all. The subjects smoking daily were considered as smokers, and those reporting consuming beer, wine or liquor once a week or more often were classified as regular users of alcohol. Physical activity was assessed by three questions about frequency, intensity and estimated duration of exercise. Using this information an index for leisure time physical activity was calculated with a range of 0 to 52, as described previously. 36 Subjects with a physical activity index less than or equal to the 25th percentile of the study cohort were defined as physically inactive.
Statistical analyses
The comparisons between two groups were analysed with t tests for continuous variables and χ 2 test for categorical variables. Due to skewed distribution, data on triglycerides were log 10 transformed before analyses. The associations of participant's own educational level with age were tested by linear regression test, and with parental school years, marital status and recent unemployment by χ 2 test. Similar tests were done with parental school years.
Trends in the mean values of continuous risk factor variables across the three educational groups were tested by multiple linear regression analysis. Serum lipids and changes in lipid values between 1980 and 1992, blood pressure and obesity variables were modelled as dependent variables and participant's own education and/or parental school years as the major independent variables in separate regression analyses. Similarly, multiple logistic regression analyses were conducted with dichotomic risk factor variables (butter use, daily smoking, regular use of alcoholic beverages, physical inactivity) as dependent variables and participant's own education and/or parental school years as the major independent variables. Odds ratios (OR) and 95% confidence intervals (CI) for the associations of participant's educational level and parental school years with lifestyle risk habits were also calculated.
The association of the participant's education with CHD risk factor variables were analysed with adjustment for participant age only, with adjustment for age and parental school years and finally with adjustment for age, parental school years, marital status and recent unemployment. Likewise, the association of parental school years with risk factors were analysed similarly, but using participant's education as one of the covariates. All the analyses were gender specific, and were performed using version 6.10 of the SAS software (SAS Institute, Cary, North Carolina).
Results
Sample characteristics
The baseline characteristics (in 1980) of the study cohort were compared to the original cohort in order to test the representativeness of the study. Overall, the comparison showed only modest differences. In addition, the subset of the present cohort with complete data on physical examination (n = 166) had characteristics similar to the overall cohort regarding subjects' own and parental educational level, marital status and recent unemployment. In the study cohort, parental school years was associated with offspring's age, so that older participants had less educated parents. Participant's own education was associated with parental school years; subjects with a higher educational level had better educated parents (data not shown.)
The comparison of the genders showed that males were less educated than females (basic education less than high school 51.1 versus 35.1%, P = 0.003). Males had more often been unemployed for at least 6 months since 1986 (17.2 versus 9.8%, P = 0.002). In addition, females were more often married than males (52.2 versus 31.8%, P = 0.001). Other characteristics and the comparisons between males and females are shown in Table 1 .
Association of education with serum lipids and changes in lipids during follow-up
Serum lipid values, changes in lipids during the follow-up period 1980-1992 and lifestyle risk factors according to education are presented in Table 2 (females) and Table 3 (males). In females, the decrease in high density lipoprotein (HDL) cholesterol levels during a 12-year follow-up period (1980-1992) was less pronounced in more educated participants (Table 2) . This difference remained significant (P = 0.048) after adjustments for parental school years, marital status and recent unemployment. In males, participant's own education was inversely associated with serum total and low density lipoprotein (LDL) cholesterol levels (Table 3) . Serum total cholesterol decreased by 0.23 mmol/l and LDL cholesterol by 0.19 mmol/l when educational level went up to the next category. In addition, a higher level of education was associated with a more marked decrease in serum total and LDL cholesterol values and a less marked decrease in the HDL/total cholesterol ratio during the 12-year follow-up period EDUCATION AND CARDIOVASCULAR RISK FACTORS 669 (Table 3 ). These differences remained significant (P = 0.011, P = 0.013, P = 0.023, P = 0.0038 and P = 0.039, respectively) after the adjustment for covariates. Parental school years was inversely related to serum total and LDL cholesterol values in females (Table 2 ). Serum total cholesterol decreased by 0.13 mmol/l and serum LDL cholesterol by 0.12 mmol/l when parental school years went up to the next category. These differences remained significant (P = 0.032 and P = 0.02, respectively) after adjustments for covariates. In males, parental schooling was not associated with serum lipids (Table 3) .
Lifestyle risk factors in relation to education
In females, participant's own educational level was inversely associated with smoking (OR 2.90, 95% CI : 1.70-4.96) and physical inactivity (OR 1.73, 95% CI : 1.10-2.72) ( Table 2 ). These differences remained significant (P = 0.0001 and P = 0.045, respectively) after adjustment for covariates. In males, participant's own education was inversely related to daily smoking (OR 2.17, 95% CI : 1.31-3.57) and butter use (OR 1.55, 95% CI : 1.06-2.27) ( Table 3 ). The significance of butter use, however, disappeared after adjustment for parental school years (P = 0.10), while the association with smoking remained significant (P = 0.0081) after adjustment for covariates.
Parental school years was inversely associated with butter use both in females (OR 2.25, 95% CI : 1.62-3.12) ( Table 2 ) and in males (OR 1.60, 95 % CI : 1.12-2.28) ( Table 3 ). The differences remained significant (P = 0.0001 and P = 0.034, respectively) after adjustments.
Relationships between education, and blood pressure and obesity
The comparisons of blood pressure and obesity according to education are presented in Table 4 (females) and Table 5 (males). In males, participant's own educational level was inversely associated with DBP and BMI. DBP decreased by 2.5 mmHg and BMI by 1.2 kg/m 2 when the educational level went up to the next category. However, the significance of the difference in DBP disappeared after adjustment for parental school years (P = 0.063). The difference in BMI remained significant (P = 0.035) after adjustment for covariates.
Parental school years was inversely associated with waist-hip ratio in females (Table 4) . Waist-hip ratio decreased by 0.019 when parental school years went up to the next category. The b I Ͻ9 years, II 9-12 years, III Ͼ12 years. Number of subjects in parentheses.
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c Linear regression analysis. All the analyses are age-adjusted. b I Ͻ9 years, II 9-12 years, III Ͼ12 years. Number of subjects in parentheses.
c Linear regression analysis. All the analyses are age-adjusted.
difference remained significant (P = 0.029) after adjustment. In males, parental school years was not associated with blood pressure or obesity (Table 5) .
Discussion
In this analysis we found an inverse relationship between education and many of the common cardiovascular risk factors in young Finnish adults. Education is the most frequently used measure of SES because it has many advantages: it is stable and becomes established in early adulthood, it is not modified by chronic illness in later adulhood, and it is easy to measure. 1, 37 Furthermore, education is more strongly associated with CHD and its risk factors than with the other indicators of SES, such as occupation and income. 1, 38, 39 One of the limitations of using education as a measure of SES, however, is the birth cohort difference in the level of education, i.e. the level of education varies with the subject's age. 37 Additionally, it is controversial whose SES should be considered when studying children and adolescents. In this study, parental education was determined on the basis of the parent having the highest educational attainment in the household. This is commonly used as the SES of the children, although its validity has not been adequately examined. 38 Possible confounding factors, such as marital status and recent unemployment, were taken into account in the statistical analyses, since these factors may have influence on health, mortality in general, mortality from CHD and CHD risk factors. 2, [40] [41] [42] These adjustments, however, did not alter the correlations between the educational groups and cardiovascular risk factors in this study.
Risk habits
Both academic females and academic males smoked less compared to subjects with a lower educational level. Parental education, in contrast, was not associated with smoking among young adults. The inverse relation between education and smoking in adults has been observed in many previous studies. 3, 9, 10, 12, 43, 44 We found earlier that 9-15-year-old boys from the families with father's occupation classified as lower manual smoked most often, whereas in boys from upper nonmanual class families, smoking was least common. 24 An inverse association of parental SES with smoking status and smoking onset among schoolchildren has also been found in other studies. 21, 45, 46 Greenlund et al. 28 found an inverse age-adjusted association of father's education with smoking status of young adults aged 18-30 years. This association, however, disappeared after adjustment for participant's own education, which was strongly and inversely related to smoking. Therefore, while parental education seems to be an important determinant of smoking among children and adolescents, its independent effect disappears in young adulthood when one's own educational level becomes a stronger determinant.
Physical inactivity was indirectly related to participant's own educational level in females. A similar association, although not significant, was seen in males (P = 0.14), as well. Several previous studies have also shown that subjects with a higher educational level or a higher occupational status are more physically active in their leisure time than those with a lower educational level or a lower occupational status. 3, 11, 12, 43 Our group has previously observed a direct association between father's occupation and physical activity in boys aged 9-15 years. 24 In the present analyses, physical inactivity was more closely related to participant's own education than to parental schooling. This association was similar to that for smoking.
Physical activity is beneficial to cardiovascular health and it reduces mortality from CHD. 47, 48 The protective role of physical activity is believed to be mediated through its effects on known risk factors. In our previous study, physically inactive young adults had a less beneficial CHD risk factor profile (i.e. serum insulin and lipid levels, obesity, smoking and diet) compared to physically active subjects. 36 Since physical inactivity shows tracking from childhood to adulthood, 36 the differences in physical activity between educational classes may be an important link modifying the risk factor profile early in life, and therefore explaining the greater mortality and morbidity for CHD among the less educated in adulthood.
Dietary habits in childhood have been consistently shown to be associated with parental SES. 21, 23, 24 In the present study, young adults with the least educated parents were more often butter users than those with more educated parents. In males, there was also an inverse association between participant's own educational level and butter use. This association disappeared, however, after adjustment for parental education. Therefore, in contrast to smoking and physical inactivity, parental education was a more significant predictor of diet (butter use) than participant's own education. This demonstrates that dietary patterns learned at home may have a very profound influence on the behaviour of young adults regardless of their own educational level. The finding therefore emphasizes the important role that parents have in determining their offspring's dietary preferences in the long term.
As information about the effects of lifestyle has been abundantly available during the last decade, it is unlikely that there would be differences in the knowledge of the effects of smoking, physical inactivity or diet on health between educational classes. Therefore, it may be suggested that differences in the attitudes towards health-related behaviour, rather than in awareness, may explain the association between low educational status and adverse lifestyle.
Obesity and serum lipids
Participant's own educational level was indirectly related to BMI in males, but no significant relationships were detected in females. However, obesity measurements tended to be nonsignificantly lower in the academic group. Parental schooling was inversely associated with waist-hip ratio in females. In males, there were no significant differences in obesity according to parental school years, but again the highest values tended to be in the group with the lowest educational level. In summary, the participants with the highest educational level and participants with the most educated parents were less obese. The finding that parental schooling affected waist-hip ratio in females is particularly interesting as previous studies have linked visceral fat accumulation with CHD. 49 In males, subject's high educational level associated with a more favourable lipid profile and more favourable lipid changes in the 12-year follow-up period. The relationships between one's own educational level and serum lipoproteins were less marked in females, the only significant association being the less marked decrease in HDL cholesterol levels during the 12-year follow-up period among the highest educated females. Parental school years, on the other hand, were related inversely to serum total and LDL cholesterol values in females. Thus, in females parental education seemed to be a stronger determinant of serum lipoproteins than participant's own educational level. Previous studies have also reported associations between SES and serum lipids in adulthood. 3, 5, 6, [8] [9] [10] [11] [12] 43 Generally, the lipid profile has been found to be more adverse in lower than in higher SES groups, 6, 8, [10] [11] [12] 43 with few exceptions. 3, 5, 9 In addition, there seem to be differences between men and women in serum lipids according to SES. 8, 12 We have previously analysed the trends in serum lipid levels during 1980-1992 in adolescents aged 15 and 18 years as a part of the present project, 34 and observed a significant decrease over the study years in serum total (9%), LDL (8%) and HDL (19%) cholesterol, as well as an increase in triglyceride levels (15%). In the present study we examined the changes in lipids during the 12-year follow-up according to education. Serum lipid values are known to change during the pubertal years, but by adjusting for age, this major confounding factor was taken into account. Generally, the changes in lipids were more favourable in the most educated males, and in females with the most educated parents. This implies that the impact of public health efforts to change risk factor levels over the past decade has been more remarkable among the more educated. As serum lipid values are shown to track from childhood to young adulthood, 50 the persistence of unfavourable lipid profile over time may increase the risk of CHD especially among the least educated males.
Limitations of the study
The cohort in the present study included the participants of a 12-year follow-up study. The last follow-up survey in 1992 was limited by economic constraints which resulted in a reduced study cohort. In addition, the 12-year period of the follow-up may lead to selection bias in the study cohort. However, comparison of the baseline characteristics between the present study cohort and the original cohort in the first study year (1980) showed only modest differences, which emphasizes the representativeness of the study cohort. The data on physical examination were available from a sub-cohort because of the limited sampling size in 1992. Comparison between the subcohort and overall cohort showed no remarkable differences emphasizing that the cohorts were comparable with each other.
Summary
Education was inversely associated with many common CHD risk factors in young adulthood. In general, the least educated young adults had a more adverse risk factor profile than the more educated. This trend was more evident in males. Traditional vascular risk factors, especially in young females, were still affected by parental education. These differences in risk factor levels may be of significant importance contributing to disparities in morbidity and mortality in CHD between the social classes. The children from the families of a low parental SES, and later the young adults with the lowest educational attainment were at the greatest risk of adverse health behaviours. Therefore, the influences of one's own and parental education on future CHD risk profile should be taken into consideration when planning public health campaigns among young adults.
